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Investigation of the Dominating Mechanism of Fatigue Life for Various Alloys
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Most studies on CSSC (cyclic stress—strain curve) have been conducted in the condition of the stress ratio R= — 1. There are
few reports on the effect of mean stress on CSSC. In this study, the stress—controlled fatigue tests under R=0 and — 1 were per-
formed on JIS S25C (AISI 1020), IF steel, A2024-T6, A6061-T6 and Ti-6A1-4V alloys. CSSCs of R=0 and — 1 were compared.
Creep strain (ratcheting strain) was also measured to investigate dominating mechanism of fatigue life of these alloys. It was
found that the effect of mean stress on CSSC was different with each alloy. The dominating mechanism of JIS S25C and IF steel
was creep strain. However, the dominating mechanism of A2024-T6 and A6061-T6 was plastic strain amplitude. The dominating
mechanism of Ti-6A1-4V alloy was both creep strain and plastic strain amplitude. Thus, fatigue life reduction caused by mean
stress in Ti-6A1-4V alloy was remarkably occurred than the other alloys. [doi:10.2320/jinstmet.J2013010]

(Received February 21, 2013; Accepted April 23, 2013; Published August 1, 2013)

Keywords: cyclic stress—strain curve, cyclic—creep, fatigue, mean stress, carbon steel, IF steel, A2024-T6, A6061-T6, Ti-6AI-4V

SERIG ) T FE O 4T T CSSC DA T 7.

Kilman 59 (%
B, Slzfjrﬁ@%%%?ﬁ]ﬁbf:

1. #&

il

ZORER,
FIFRRE £ TIN D £ /23 EOBR L % Z T 7R OIS TI-
ERIFR AR 9 CSSC (R LI I-EMh#) 13, #R L AW %

ZT MBI R RHE 95 ETEETH DY, Hx (10Hz £ O)ICd BNV EHEL TV 5.

, IERFEI D CSSC #ERL L, CSSC I

AR TIER L 72 CSSC (3 FIB NI E S N5 0,
B TR L 7 CSSC TP RICHE S NS, K

EMEFCIIZE M TN T\ . A. Mohamed 5413 %45 il
A2024 % I\ TLEHE T CSSC & FR L, ALK& E
I & - T CSSC DIMRIT R % EHEL T A, Chang HY
134 #G i IF g CSSC wfER L, CSSC & TEM #iZfE F
EXIEDT TS, LaLadb, kiR &4 TICHER
L72bDE»D TH 5.

*1 RfRH K A2Bi4: (Graduate Student, Waseda University)

2 BFRHE K KFEE4, HAE  (WIHI(Graduate Student, Waseda
University, Present address: THI Corp.)

*3 2012 fE#i 2 (Passed away in 2012)

HTHR I NS LRI R T CICEMT 5720 TH
% EEEL TS, P.Lukas 573455 WD CSSC % ERL
L, &Y A ZNVFEGICRITSFEIR T ORE L JE L 7R
L&A &, EBYAZIIVERTIEZ Y —7 LEWIEE, &9 A
7OV TS D EERI R AN = AL TH - 72 i To
5. Fi, YA 7 IVEEETIEEHILE CSSC & Coffin-
Manson fifg O HICHE T L L@MEL TW5. ThET
12, SEEIBT Z FEO 48T OBHEE—RORME T L 22 Thhn
TELY, KA 7 VFHaE ToD CSSCIZHT 5 FHIET
DOEEICHETAMRITIT LA ETbN T,



296 HA & B ¥ & iE2013)

FRETICBW IO TRWEAIG I EZ S BE N %\
7e®, EEIET 04T T CSSC ORHIZEE TH
L. Ko TARHRETHE, BEEOENEVWSEEND,
bee, fec, hep #E DOREN MR EEL, FIRD /WIRD
BT CESRBEEZTV, BON/HIEYD CSSC OfifE %
MiED L5 2 i2 k- T, CSSC L FFar & OBEALR
PEICOWTIEB 4 5. CSSC I 35\ ClRl— DG HHREIE THE
DAWIRD LD DR ERIEAIKE VX, FIRD OREE
BIIHIC M EIREIC X 5 BEAKE VL VW2 S, L
L, FIEDIZ 7 Y —F (ratcheting & 3 EBL I N5B) DELE,
EZERINELEZONS71207, FRICZY—7LHIEL,
P9 FF eI BAE 9 SZBRF AR 1 %

2. £ B A &

e M ICiE, JIS S25C (LT S25C), IF §, A2024-T6
&4, A6061-T6 441 LU Ti-6A1-4V &4 % H\ /=, 1L
SEHB % Table 1(a) ~(e) 127”9, S25C X 1123 K T 2.7 ks
BHEBIFELL, 7254 F+5—5 1 MAfkAE7/-. IFH
131073 K T 1.8 ks fRFEFENIA L, 7 = T4 FlMkEE/.
A2024-T6 &3 773 K THMALALEY, 463K T 43.2ks
RERHALEE % fi L 7=. A6061-T6 i3 803 K T A LALBiES,
444 K T 28.8ks A T.Rp%h % FEfa L 7z Ti-6A1-4V & 413
1223 K T 3.6 ks {45224, 1023 K T 7.2 ks {45224
OBEPLA T L 72, 8% B 13 Fig. ISR X 2 7 Figh
BRBREZHVZ. 72, RBEiCT AU —#KxHvT
#1500 £ TEFHENCHEL 72. K EEM OBBAYEE %
Table 2 IZ/7 7.

EyRBIAREERERICCaVE o — 2 n
Instron8501 hydraulic testing machine % B\ T, faf & HIFH
TC, WA R=0, —1D%ELFIRY, FELmIRED TfT
WV, AR RSN, R LT 10 Hz TfF - /o

Table 1 Chemical compositions of the materials tested (mass%).

@ C S Mn P S Cu N Cr
525C 0.021 0017 0.04 004  0.06

022 0.19 0.4

C Si Mn P S Cu Ni Cr

0.003 0.002 0.018 0.009 0.004 0.001 0.0002 0.0054

(b)
IF steel

Mo \4 Ti B Al (0] N
0.001 0.003 0.05

0.0002 0.0041 0.0018 0.0025

Si  Fe Cu Mn Mg Cr Zn Ti Al

(c)
A2024-T6 19 024 44 065 1.6 002 002 002 Bal

Si Fe Cu Mn Mg Cr Zn Ti Al

(d)
ABO6I=T6 (60 070 030 015 1.0 020 025 015 Bal

Al V H (0] N C Fe Y Ti

(e)
Ti6AHV 63 499 0.0016 0.18 0.004 0.015 0.26 0.001 Bal.
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Fig. 1 Dimensions of test specimens. (a) S25C, IF steel,
A2024-T6 and A6061-T6, (b) Ti-6Al-4V alloy.

Table 2 Mechanical properties.

: L.Y.P. or .
Tensile strength, Elongation,
Alloy 0.29% proof stress,
og/MPa OO'O_Z/MPa (%)
S25C 473 300 49
IFsteel 271 123 86
A2024-T6 472 416 21
A6061-T6 332 291 33
Ti-6Al-4V 973 895 33
<
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& | Cyclic creep strain rate
©
g
2
|2

Mean stress

Strain, &

Plastic strain amplitude

Fig. 2 Definition of cyclic creep strain rate, plastic strain
amplitude and mean stress in successive hysteresis loops.



8 & EREEIRPRO R D /TR D B 5712 3510 B R LIS I-ZB IR % FI 709855 73 6 O SO T O R 297
3.2 CSSC

3. HRLIUVER
3.1 S-Nphig

EEHEICBT ARG o, & BEHTERR LK N: & OBk
(S-N i) # Fig. 31Rd. EOELL RO 1~
IWEIZB W CEHIREAEIRD L0 S FIRD OFn/hEnwC
Eob, WIRD XORFIRD DI BBEEHE I RSN LD 0
5. CNEEBANCHET 57-0, 2&648I108 W TR
L 1x10° D & 2 OWIR D QIR RIBICH 35 F iz D OIS
NRBOENE = TN ZNRDI. ZTOFER%E Fig. 4 127
T. INKD, FOEELFEUBETA 7LD EE, WiE
0 OIGHRIE % FEHE & U 72RO R iR D OIS IIRIEDOEIE 73/
TN D, FIRDOFEFHFGHMETL TWAT EBh 0
5. 72, Ti-6Al-4V G413 C OEIE R —FE\ 720, i
DESITHNTHIRED IS TS5 RIRD OFEFFFarOIK T 2388
ETHHT BB,

B S25C (R=-1) v A6061-T6 (R=-1)
O S25C (R=0) v A6061-T6 (R=0)
® [Fsteel (R=1) @ Ti-6Al-4V (R=1)
O [F steel (R=0) & Ti-6Al-4V (R=0)
A A2024-T6 (R=-1)
A A2024-T6 (R=0)
800 . ———rr | -
i |
700 - 1 B
|
600 |- ) i
1
500 | | i

- I 4

400 F j
300 + 1 i
200 - =
f*—&—;fsz?i:::g

100 - S

Stress amplitude, O, /MPa

0 . - .
10° 10° 10* 10° 10°
Cycles to failure, N/cycle

Fig. 3 S-N curves of tested alloys.
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Fig. 4 Stress amplitude (R=0) /stress amplitude (R=—1) of

N;=1x105 cycles for tested alloys.
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Fig. 5 Cyclic stress—strain curves for (a) S25C, (b) IF steel, Fig. 6 Cyclic creep strain dependence on the number of cycles
(c) 2024-T6, (d) 6061-T6 and (e) Ti-6Al-4V alloy. Arrow at R=0 (about Ny=1x105 cycles). (a) S25C, (b) IF steel, (c)

mark: showing plots of approximately N;=1 x 105 cycles. A2024-T6, (d) A6061-T6 and (e) Ti-6A1-4V alloy.
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Fig. 7 Relationship between plastic strain amplitude (R= —1,
0) and cyclic creep strain rate (R=0) in steady state for tested
alloys (approximately Ny=1 x 105 cycles).
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